OVER the past five years the capacities of several land birds for obtaining osmotically unobligated water from saline solutions have been evaluated (see Bartholomew and Cade, 1963) Except during experiments, the Red Crossbills were housed out-of-doors in flight cages, the smallest of which measured 4 X 6 X 9 feet. In these cages they were exposed to photoperiods natural for the latitude of Ann Arbor (approximately 42 ø •Present address:
tap water in the drinking devices replaced with distilled water or an NaC1 solution of a given molarity. The birds were thereafter weighed daily to the nearest 0.1 g and the amount of fluid drunk during the previous 24 hours was determined. Before the birds were returned to the cage, the drinking device was refilled with the appropriate fluid and food was replenished. Thus we determined changes in weight of all birds and the average daily intake of fluid within a group of six birds in the larger cages, or the actual fluid intake of birds in the smaller cages. At salinities as high as 0.2 M, the experiments lasted about three weeks. At higher salinities, experiments were continued until the birds appeared severely stressed.
Plasma samples were obtained for sodium determinations. Control samples were taken from birds that had been drinking tap water for D^wso• Er AL., NaC1 Metabolism in Crossbills [ ^uk [ Vol. 82 several weeks. The other samples were obtained at the completion of experiments; control samples had previously been obtained from some of the animals studied. For sampling, the crossbills were immobilized on their backs and a wing extended so the brachial vein was visible. The skin covering it was cleaned with ethanol. When the surface had dried the vein was punctured with a fine needle. As blood appeared, a 0.05 ml sample was collected in a heparinized capillary tube (1.5 mm in diameter). One end of this tube was flame-sealed and the other provided with a plastic cap. The sample was centrifuged and the plasma removed to be refrigerated until analysis.
Fluid intake and urine production.--On a number of occasions, birds being maintained in the previously described experiments were removed to separate cylindrical cages, 6 inches in diameter and 10 inches high, in which their fluid consumption could be measured and their urine collected after they had fasted overnight (this to minimize fecal contamination of the urine samples). The point in the experiment at which this was done varied with the concentration of the solution that the birds were drinking, but it was late enough so that they had developed a well-defined response (e.g., significant loss of weight, markedly increased fluid intake, etc.). The birds were transferred to the small cages at the end of the day before observations were to be made. Voided urine fell through a wire platform onto parafilm covering the bottom of the cage. As soon as this occurred, the parafilm was removed and the urine collected in a capillary tube, the ends of which were then flame-sealed. In all these experiments, the observer was concealed to minimize disturbance of the birds. Collections were continued for two or three hours, after which the birds were returned to their cages. They suffered no apparent ill-effects from the period of fasting. Urine samples were subsequently centrifuged to settle the uric acid present. This allowed us to estimate the volume of the fluid column within the capillary. The urine was refrigerated until it could be analyzed for sodium.
Fluid pre]erences o] crossbills.--In view of the ingestion of salt by crossbills in nature, it was thought that they might prefer sodium chloride solutions to distilled water. We noticed that certain of the crossbills housed in cages with tap water available in more than one place consistently drank from particular drinkers regardless of where these devices were placed, or at particular positions regardless of the drinkers available there. Consequently, experiments to test the preferences of crossbills between distilled water and 0.100 M or 0.200 M NaC1 were designed taking these behavioral tendencies into account. The birds were placed in separate cages measuring 24 x 24 x 24 inches, as soon as they had learned to use drinkers. Each cage was provided with two superficially identical drinkers, one containing distilled water and the other 0.100 or 0.200 M NaC1. In the tests, the positions of the solutions, the drinkers, or both were interchanged every three days. Each test lasted 9 or 12 days, and the volume consumed from each drinker was recorded daily.
Acute loads of sodium chloride.--Acute salt loads were administered by injection of a 10 per cent (about 1.7 M) solution of NaC1 into birds that had fasted overnight. This fluid was injected through a needletipped capillary tube into the brachial vein. Tubes of this type, also used to obtain blood samples, were prepared from pyrex melting point capillaries 11.5 mm in outer diameter. These were drawn out into two 6-cm segments on a Livingston micropipette puller after being heated with a dental blow pipe. The thin tips thus produced were sharpened further by grinding them on a rotating glass plate covered with a paste containing exceedingly fine particles of diamond (Diaplast). When completed, the chisel-like tips of the capillaries approximated 30 /• in diameter.
For venipuncture, the needle-tipped capillaries were mounted in a simple electrode holder that could be advanced by a screw mechanism. This holder was in turn mounted on a cathetometer stand, which allowed smooth movement in the vertical plane. The blunt end of the capillary tube was connected via polyethylene tubing to the components for injection or blood sampling. The bird was enclosed in a paper cylinder containing a slit through which a wing protruded. This wing was placed in a restraining device with the ventral surface exposed. Just before venipuncture, the bird was lightly anesthetized with ether. The hole left in the vein was so fine that it tended to close with little loss of blood.
For injection of the NaC1 solution, the needle-tipped capillary tube was connected, with polyethylene tubing, to a small glass bulb almost filled with this fluid. The upper end of this bulb was in turn connected via polyethylene tubing to a 1 ml tuberculin syringe. The portion of the bulb above the level of the NaC1 solution, the connection, and the syringe were all filled with paraffin oil. Injection through the microneedle was controlled by advancing the plunger of the syringe.
For sampling the blood of injected birds the needle-tipped capillary tube was flushed with a solution of potassium heparin and then dried. It was then fitted in the electrode holder as described previously and connected to a 50 ml syringe, with polyethylene tubing. Suction was applied by withdrawal of the plunger of the syringe. When approximately 0.02 ml of blood had been obtained, the needle-tip was removed, and In the salt-loading experiments, the birds were weighed and an initial blood sample taken. After this the sodium chloride load was injected. The birds were then repositioned in the restraining device so that a blood sample could be taken from the other wing 10 to 20 minutes after injection, after which they were placed in observation cages.
After a bird had received a salt load, it was generally maintained in the observation cage for 6 to 7 hours. During this time urine samples were collected and treated as previously described. At the end of the experiment another blood sample was taken and the bird was again weighed.
Analysis of blood and urine samples.--Blood and urine samples were analyzed for sodium using a Coleman model 21 flame photometer. About 0.001 ml of fluid was diluted in 5 ml of water and compared with similar dilutions of standard NaC1 solutions. Observations on output of urine by crossbills supplied with various fluids for drinking are summarized in Table 3 . Mean concentrations of sodium in urine, obtained over several hours, tended to exceed only slightly the concentrations of this cation in the solutions used for drinking (Table 3 ). This occurred despite the ability of some crossbills, at least, to produce urine containing about 500 mEq of sodium/liter (no. 289, 0.175 M may reflect the fact that they happened to be in positive water balance when urine was collected on the twentieth day (see Table 2 ). The rate of urine output by crossbills tended to rise as the sodium concentration of the drinking water increased between 0 and 0.250 M NaC1 (Table 3) Responses o] crossbills to acute salt loads.--The response of seven crossbills, several studied two or more times, to injections of NaC1 amounting to 0.09 to 0.59 mg/g of body weight are summarized in Table  5 . In periods generally lasting six hours, the birds never eliminated much more than half the salt load received by injection. Despite plasma con- centrations of sodium ranging up to more than 200 mEq/liter, the maximum concentrations of this cation in the urine did not reflect the full power of the concentrating mechanism in these birds (see Table 3 ). Moreover, the maximal concentrations were highly variable--the highest being quadruple the lowest--and did not appear to be correlated with the sodium concentration of the plasma. The inability of the birds to reduce appreciably the concentration of sodium in the plasma by urine production is probably due mainly to the reduction of body water by The maximal plasma concentration of sodium tolerated by injected crossbills approximates 210 mEq/liter. The bird that died as an apparent result of injection of NaC1 showed plasma sodium concentrations of 206 and 212 mEq/liter immediately and four hours after injection, respectively. Another bird survived an initial plasma concentration of 210 mEq/liter and one a terminal concentration of 206 mEq/liter. DISCUSSION Crossbills, like other cardueline finches, avidly eat salt whenever it is available, and there are many records of these birds ingesting rock salt placed on roads to melt snow, material from salt blocks of the type supplied for cattle, salt spilled around ice cream freezers, material leached out of cement, wood ashes, and urine-stained snow (Tordoff, unpublished observations; see Tordoff, 1954: 17). We wondered whether this curious behavior might allow the birds to satisfy a requirement for some mineral that they do not obtain in sufficient quantity in their food. Our results do not exclude this possibility. However, they suggest that the ingestion of salt beyond that present in the food is unnecessary for maintenance of sodium balance and apparent good health by crossbills (even though they are fed only pition nuts, which are relatively high in potassium and low in sodium, for many months). The finding (Table 3) tive means of conserving this ion are present. It seems certain that these birds must have ready access to water when they ingest any appreciable quantity of sodium chloride, for, as subsequently discussed, they do not excrete electrolytes economically with respect to water.
RESULTS

Relation
Crossbills show no fluid preference when given both 0.100 M NaC1 and distilled water for drinking, but they will generally drink the latter to the virtual exclusion of 0.200 M NaC1 (Table 4) Although the use of saline water by crossbills conforms to an apparently widespread pattern, the capacities of these carduelines for maintaining weight while drinking sodium chloride solutions appear lower than those of most other species for which data have been obtained (see Bartholomew and Cade, 1963, Red Crossbills show no significant preference between distilled water and 0.100 M NaC1 when supplied with both for drinking. However, they strongly prefer water to 0.200 M NaC1.
The plasma sodium concentration of Red Crossbills in water balance is 161.2 -+ 6.2 mEq/liter. A significant rise in this concentration develops when the birds are forced to obtain their fluid from NaC1 solutions more concentrated than 0.200 M. Urinary sodium concentrations for birds maintained on tap water were well below plasma concentrations of this cation. The respective urinary concentrations for birds drinking 0.175 to 0.300 M NaC1 averaged slightly higher than the sodium concentration of the fluid ingested. The maximum urine to plasma ratio observed for this cation approximates 2.7.
